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Abstract. Climatic variability affects both seasonal phenological cycles of vegetation and monthly distri-
bution of rainfall in the south western Nigeria. Variations in vegetation biophysical parameters have been 
known to be a good indicator of climate variability; hence they are used as key inputs into climate change 
models. However, understanding the response of vegetation to the influence of climate at both temporal 
and spatial scales have been a major challenge. This is because most climatic data available are derived from 
ground-based instruments, which are mainly point measurements and are characterized by sparse network 
of meteorological stations that lacks the spatial coverage required for climate change investigation. Satellite 
remote sensing instruments can provide a suitable alternative of time-reliable datasets in a more consistent 
manner at both temporal and spatial scales.
The aim of this study is to test the suitability of one year time series datasets obtained from satellite sensor 
and meteorological stations as a starting point for the development of a climate change model that can be 
exploited in planning adaptation strategies. Taking into consideration that rainfall is the most variable ele-
ment of climate in the study area, rainfall data acquired from five meteorological stations for the year 2006 
were correlated with changes in Normalized Difference Vegetation Index (NDVI) derived from Moderate 
Resolution Imaging Spectroradiometer (MODIS)/Terra satellite sensor for the same period using a linear 
regression equation. The results shows that rainfall–NDVI relationship was stronger along the seasonal track 
with R2 ranging from 0.74 to 0.94, indicating that NDVI seasonal variations can be used as a surrogate data 
source for monitoring climate change for short and long term scales ranging from regional to global magni-
tude especially in areas where data availability from ground-based measurements are unreliable.
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Introduction
Climate plays a major role in vegetation phenological 
cycles and vegetation growth is functionally depen-
dent on climate. Consequently, a change in biophy-
sical parameter of vegetation canopy implies a chan-
ge in climate, accordingly vegetation are used as key 
inputs into climate change models (Friedlingstein 
et al. 2006; Notaro et al. 2007; Cayan et al. 2008). In 
recent times vegetation dynamics and their rate of 
change is accelerating as a result of both natural and 
anthropogenic factors and the only pointer to the cau-
se of this phenomenal variation in vegetation canopy 
characteristics is climate change (Costa, Foley 2000; 
Prentice et al. 2007).
Climate change is when the characteristics and 
distribution of climatic variables like rainfall, tempe-
rature, humidity and wind are at a departure from the 
expected norms (Giorgi 2006; O’Neill et al. 2006; and 
Solomon et al. 2007). The effects of climate variability 
have been felt in many different parts of the world, 
causing for example, increases in global temperatu-
re, melting of permafrost, rising sea-level, alteration 
of agricultural calendar, changes of vegetation zones 
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and increases in heat waves and more allergy attacks 
on human and animal health (Haeberli, Burn 2002; 
Stenseth et al. 2002; McMichael et al. 2006; Rosenz-
weig et al. 2008; Tobin et al. 2008; Mestre-Sanchís, 
Feijóo-Bello 2009).
These impacts are likely to be an increasing pro-
blem in both developed and developing countries in 
the near future, because there are many levels which 
still remain uncertain, and there remains a greater 
need to integrate the biophysical knowledge that cur-
rently exists with additional information particularly 
from data sources that have both spatial and temporal 
qualities. Presently, climate change studies in this part 
of the world are faced with the obstacles of developing 
a proper adaptation framework due to; uncertainty 
in the levels of risk determination, deficiency of ba-
sic long term time series datasets, and downscaling of 
climate change scenarios to local level. Consequently, 
there is a need for an appropriate data infrastructure 
that will incorporate information at both spatial and 
temporal local scales such as data derived from satellite 
remote sensing instruments.
Satellite remote sensing is a technique of collec-
ting information about an object/environment without 
physical contact with the object/environment through 
electromagnetic spectrum using space platform (Lille-
sand et al. 1994; Schaepman-Strub et al. 2006; Schott 
2007; Schowengerdt 2007).
Vegetation is a good indicator of climatic variabi-
lity, vegetation greenness has been used in many cli-
mate change models using vegetation indices derived 
from satellite remote sensing instruments (Running, 
Nemani 1991; Donohue et al. 2007; Danson et al. 2009; 
Ogunbadewa 2009; Ogunbadewa, Ribeiro Da Rocha 
2009). The retrieval of vegetation biophysical parame-
ters from satellite measurements has led to the develo-
pment of many vegetation indices (Rouse et al. 1974; 
Goward et al. 1991; Huete et al. 1994; Tucker et  al. 
2005). The Normalized Difference Vegetation Index 
(NDVI) is mostly used in remote sensing of vegetation 
because of its simplicity; it can give a quick qualitati-
ve and quantitative estimate of vegetation cover in an 
image. Expressed mathematically as:





Range is between –1 and 1 where –1 represents 
water/bare surface and 1 dense and green vegetation 
(Rouse et al. 1974).
Aim. The aim of this study is to test the suitability 
of one year time-series datasets obtained from satellite 
sensor and meteorological stations as a starting point 
for the development of a climate change model that 
can be exploited in planning adaptation strategies.
1. Data and methods
The dataset used for this study were the MODIS-NDVI 
product obtained from the National Aeronautics 
and Space Administration, United States of America 
(NASA) and rainfall data collected from five meteo-
rological stations (Akure, Igbokoda, Ikare, Ore, and 
Owo) in Ondo-State, south western Nigeria (Fig. 1).
Subsets of twenty four complete images corres-
ponding to two images per month were extracted co-
vering Ondo-State, south western, Nigeria for a whole 
year in 2006. The subsets of images were geometrically 
corrected to the UTM WGS84 Coordinate System 
using MODIS Re-projection Tool (MRT) and re-sam-
pled to 250 m pixels. All images were stacked and clas-
sified in Erdas Imagine using supervised classification 
to allow extraction of data on NDVI statistics. NDVI 
time series datasets were extracted in a single pixel at 
five different locations in the study sites. NDVI and 
rainfall data were analysed and correlated for the year 
2006 using linear regression equation.
2. Results and discussion
The fundamental objective of this study was to find 
an alternative data source that can be integrated into 
the existing one for possible improvement towards a 
better understanding of the magnitude of climatic vari-
ability. Taking into consideration that phenological cy-
cle of vegetation is an indicator of climate change and 
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rainfall is the most variable element of climate in the 
study area. Rainfall data from meteorological stations 
and greenness of vegetation derived from NDVI were 
correlated using linear regression equation to develop 
a climate change model (Fig. 2).
The relationship is strong with coefficient of de-
termination (R2) ranging from 0.74 to 0.94, though it 
varies spatially, with Igbokoda having the highest R2 
with the value of 0.94, Owo 0.91, Akure 0.86, Ikare 
0.78 and Ore has the lowest value of 0.74.The result 
shows that:
 – Increase in rainfall coincides with an increase 
in NDVI;
 – Reflection of climate change is possible from 
NDVI datasets;
 – NDVI datasets can be used for extreme events 
early warning;
 – Model developed from linear regression equ-
ations can be used for planning adaptation stra-
tegies.
Although it is just one years set of data that was 
used for this study, showing seasonal fluctuation of 
both rainfall and NDVI, the high value of R2 shows the 
potential that the time-series NDVI datasets derived 
from remote sensing can be a way forward in the di-
rection of advancement in data availability. This study 
marks the beginning of further investigation and lon-
ger term studies; however, the results obtained can still 
be exploited to develop adaptation strategies for future 
occurrence of extreme events resulting from climatic 
variability, even when the study area is experiencing 
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Fig. 2. Linear regressions of rainfall and Normalized Difference Vegetation Indices (NDVI), Ondo-State, Nigeria
Akure Ore
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Conclusion and further research
The results obtained, fulfils the primary aim of this stu-
dy which was to find an appropriate data source that 
can be integrated into the currently existing ones with 
the intention of using an annual dataset as a starting 
point for longer term studies and further investiga-
tion. The result is an improvement in data availability 
that expresses the magnitude of climatic variability in 
the study area, even though it is a prediction of intra-
annual variability but useful in planning adaptation 
strategies.
There are many challenges: these include; un-
certainty in the level of risks involve in the impact of 
climate change determination, scarcity of basic long 
term time-series datasets and downscaling of climate 
change interpretation to local levels. Future work will 
aim at examining a longer term meteorological data 
for over 20 years, analysing archived NDVI datasets 
from satellite sensors with very high spatial and tem-
poral resolution including using multi-sensor remote 
sensing approach and exploring the possibility of es-
tablishing flux towers for eddy covariance measure-
ments.
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